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Part 1

A logical coincidence



Coincidences




Coincidences

Curry-Howard

Hindley-Milner

Girard-Reynolds



Simply typed lambda calculus
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Simply typed lambda calculus
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Polymorphic lambda calculus

Id
Ala ) An = Az
r, ArF B - A—B r- A
—-1 —-E
[ A— B [ B
'- B ' VX.B
V21 (X not free in T) Ve-E



Polymorphic lambda calculus
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The Church numeral one
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The Church numeral one
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Products
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Products
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Products
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Sums
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Sums

I'¢t: A . I'u:B
_|__
I'inlt: A+ B I'Fintru: A+ B
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A+ B = VX.A—-X)-(B—X)—> X
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The Triumph ot Type

ML
Haskell
Java
XML/XQuery

Erlang?






Part 11

Typed Erlang



Typed Erlang

-deftype tree(A,B) =
T when T = empty | {branch,A,B,T,T}.

-type new() -> tree(0,0).
new() —-> empty.



Inferred type

new() —-> A when empty <= A



Simplified type

new() -> empty



Typed Erlang

-type insert(A,B,tree(A,B)) -> tree(A,B).
insert (KO,V0,empty) ->
{branch,K0,V0,empty,empty};
insert (KO,VO,{branch,K,V,L,R}) —->
if KO < K ->
{branch,Kk,V,insert (KO,VO,L) ,R};
KO == K ->
{branch,K0,VO,L,R};
true ->
{branch,K,V,L,insert (KO,VO,R)}
end.



Inferred type

insert(B, C, D) -> A

when

branchE,F,G,A <= A; branchB,C,G,H <= A;
branchE,F,A,H <= A;
branchB,C,empty,empty <= A;

D <= empty | branchE,F,G,H;

G <= empty | branchE,F,G,H;

H <= empty | branchE,F,G,H;

H <= D; G <= D.



Simplified type

insert(D, E, F) -> A

when

empty | branchD,E,A,A <= A;
F <= empty | branchD,E,F,F.



Typed Erlang

-type lookup(A,tree(A,B)) -> B | error
when B \ error.
lookup(KO,empty) -> error;
lookup (KO, {branch,K,V,L,R}) ->
if KO < K —-> lookup(KO,L);
KO == K -> V;
true -> lookup (KO,R)

end.



Inferred type

lookup(B, C) —> A

when

error <= A

C <= empty | branchD,E,F,G;
F <= empty | branchD,E,F,G;
G <= empty | branchD,E,F,G;
E <= A; F <=C; G <= C.



Simplified type

lookup(1l, B) -> error | A
when
B <= empty | branchl, error | A, B, B;

A error.
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Details



prog

function names
constructors
variables
X expression
f(E)
c{E}
case Fg of ci{X 1} — Ey;-;co{ X0} = Ep; X — Epqq
f1(X1) — Ey;-- 5 fu(X,) — E, program



Types

P|U

c{U}

CS

1CS

constructors
type variables

union type

prime type

remainder



Typing rules

(VAR)
F, AX:U;, CHX:U
A CHE:U CIFUCV
(SuB)
F, A, CHE:V
Fr, A, C-HE,:U; ... F; A, CHE,: U,
(Murtr)

F, A, CFE:U



Typing rules

F,f:Va.(U) —V when D; A; C,D[V/a]+ f: (U) — V)[V/a]

(Fun)
F: A, C-f:(U)—=V F; A CFE:U
— (CALL)
F: A, CHf(E):V
F.f:(U)—VwhenC); X:U; CFE:V
FTV((U) -V when C) =@
(DEF)

F; 0; CF f(X)— E: (Va.(U) — V when O)



Typing rules

F; A, C-FE:U

— — (Con)
F; A; CEc{FE}: AU}

F: A, CHEy:ci{U} ... e {UY | U
F, AX,:U;; CFE,:V ... F;AX,:U,; CFE,:V
F, A X:U;, CHE,iq1:V

F; A; CF (case Eg of ci{X1} — Ev;...cp{Xpt — E; X - E, 1 end) : V
(CASE)



Constraint reduction

PlUCYV
0CU

1CS
168

108

168

CO0
Cc{U}|U

C 1d8

R

4

PCV,UCV
none

fail

1CU, 1°CU
15 C U

none

fail

168 g Oéds

fail

if ¢ ¢ cs

otherwise
if ds C cs
otherwise
if ds C cs

otherwise



Constraint reduction

c{U} C0 = fail
ATYC{ULY| U =TCU  ife=d
c{U} CU otherwise

c{U} C 1¢¢ = none if ¢ ¢ cs
fail otherwise

c{U} C o = c{U} Ca‘ ifcéecs
fail otherwise

UCa®, a*CV = UCV,UCa*a®CV



Part IV

A fly in the ointment



And

—datatype bool() = true | false.

—type and(bool(),bool()) -> bool().
and (true,true) -> true;
and (false,X) -> false;
and (X,false) -> false.



Uh oh

-type and(1,false) —-> false | true.
and(X,Y) ->
let Z = (case Y of false -> false end) in
case X of
true ->
case Y of

true -> true;

X > 7
end;
false -> false;
X > 7

end.



Part V

A simpler approach?



Typed Erlang, simplified

-deftype tree(A,B) =
empty | {branch,A,B,T,T}.

-type new() -> tree(A,B).
new() —-> empty.



Typed Erlang

-type insert(A,B,tree(A,B)) -> tree(A,B).
insert (KO,V0,empty) ->
{branch,K0,V0,empty,empty};
insert (KO,VO,{branch,K,V,L,R}) —->
if KO < K ->
{branch,Kk,V,insert (KO,VO,L) ,R};
KO == K ->
{branch,K0,VO,L,R};
true ->
{branch,K,V,L,insert (KO,VO,R)}
end.



Typed Erlang

—deftype sum(A,B) =
inl1(A) | inr(B).

-deftype error =

error

-type lookup(A,tree(A,B)) -> inl(B) | inr(error)
lookup (KO,empty) -> inr(error);
lookup (KO, {branch,K,V,L,R}) ->
if KO < K -> lookup(XO,L);
KO == K -> inl(V);
true -> lookup(KO,R)

end.



Part VI

A simpler but more powerful approach?



Types and logic

s€ A— B

Ve.r € A—sxeB



Retrofitting types

-type lookup(A,tree(A,B)) -> B | error
when B \ error.
lookup(KO,empty) -> error;
lookup (KO, {branch,K,V,L,R}) ->
if KO < K —-> lookup(KO,L);
KO == K -> V;
true -> lookup (KO,R)

end.



Retrofitting types

—assert K in A

& T in tree(A,B)

& V = lookup(K,T)

& mnot (error in B)

-> V in B \/ V in error.
lookup(KO,empty) -> error;
lookup (KO, {branch,k,V,L,R}) ->

if KO < K -> lookup(KO,L);
KO == K -> V;
true -> lookup(KO,R)
end.



Part VII

Conclusions



Conclusions

Types are good
Erlang is good
Typed Erlang could be better



Conclusions

Types are good
Erlang is good
Typed Erlang could be better

Long live A calculus!
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